Abstract Better understanding the contribution of specific drinking contexts to alcohol use and risky sexual behaviors can help target effective prevention programs to specific locations and types of drinkers. We used a sample of college students to investigate whether more frequent and heavier drinking in specific drinking contexts was associated with unplanned sex, unprotected sex, and number of sexual contacts. Greater frequencies of drinking in almost all contexts (Greek parties, off-campus parties, campus events, dorms, and bars) were associated with greater numbers of sexual partners, unplanned sex and unprotected sex; heavier drinking at bars increased risks related to all outcomes. Risks related to frequencies of use of contexts were similar for men and women, but heavier drinking at bars was associated with more unprotected sex among males only. We discuss these observations in light of their implications for developing context-specific interventions to reduce community viral load in high-risk populations.
Introduction
Heavy alcohol use is associated with high-risk sexual behaviors such as having sex with a new partner [1] . More frequent alcohol use is also linked to a greater number of sexual partners and increased likelihood of engaging in unprotected sex [2] . While the evidence linking overall alcohol consumption, high-risk sexual behaviors, and incidence of HIV is strong, associations between situations in which alcohol is used, high-risk sexual behaviors, and HIV are mixed [3] [4] [5] [6] . One reason for this may be that the contexts in which people drink and meet new sex partners, and the relationships of drinking in these contexts to highrisk sex, have not been systematically or adequately addressed. Exposure to sexual risks is context dependent; the social environments where people drink (e.g., bars/ clubs) often serve as locations not just for alcohol consumption but for individuals to meet potential sex partners [7] . Importantly, better understanding the contribution of specific drinking contexts to alcohol use and risky sexual behaviors can help identify effective prevention contexts and target specific locations and types of drinkers. In this analysis, we use a sample of college students to investigate whether more frequent and/or heavier drinking in specific drinking contexts are associated with unplanned sex, unprotected sex, and number of sexual contacts.
Alcohol use is neither necessary nor sufficient to cause high-risk sexual behavior, but there is a clear and strong association between alcohol consumption and increased likelihood of risky sex amongst college students [8] . A national survey of college students found that heavy episodic drinkers were three times more likely to have had multiple sexual partners in the past 12 months than nondrinkers [2] . The relationship between alcohol and risky sex has sometimes been found to vary by gender, although findings are inconsistent [8] . These associations exist at the global level (e.g., frequency of past-year alcohol use and risky sex), and to a lesser extent at the event level [1, 9] . While not all event-level studies have found associations between alcohol use and risky sexual behaviors, studies in high-risk populations and those that have accounted for background levels of substance use often find significant associations [10] . High-risk sexual behavior may be influenced by alcohol use through several pathways. First, greater levels of alcohol use may impair judgment [11] and lead to poor decision making in risky situations. Second, expectancies related to drinking and sexual behavior may affect sexual risk-taking [12, 13] . Third, the presence of other intoxicated individuals may increase the probability of risky sexual behaviors regardless of one's own level of use. These observations lead to the conclusions that (1) high-risk sexual behaviors may arise in contexts characterized by heavy use; (2) expectancies for risky sexual behavior are elevated in contexts with heavy drinking; and (3) social exposures to others' drinking and related sexual risk behaviors are substantial, regardless of one's own drinking. Independent of background risks specifically related to these contexts, some settings may be safe places to drink, i.e. greater levels of use may be unrelated to greater risks in these contexts. Other settings may be highrisk, i.e. greater levels of use may be related to greater risks in these contexts.
Putting aside possible influences of drinking per se on individual risky sexual behaviors, drinking contexts may serve to mediate sexual contacts and place individuals at risk [14] . Drinking places may serve as locations where sexual contacts are more frequent, acting as nodes in affiliation networks which put individuals in contact with one another through their common affiliation with a group or setting (such as Greek members who frequent fraternity parties) [14, 15] . Affiliations can act to concentrate high risk individuals into specific drinking places (like bars [16] ) and provide opportunities for individual interactions which may lead to other problem behaviors [17] . In this regard, affiliation networks of this sort may serve to accelerate risks for drinking problems, a network effect of perhaps neglected importance.
HIV prevention efforts focused on changing individual behaviors have failed to halt transmission in high-risk groups such as men who have sex with men (MSM), who make up the majority of incident HIV cases in the United States [18] . The population-level mean viral load (community viral load, CVL) has been shown to predict HIV incidence [19] . Reducing CVL through community interventions focused on transmission in high-prevalence populations has immense potential to reduce HIV incidence. Focusing efforts on high risk contexts, and differentiating those that are ''high risk'' through heavy alcohol consumption or other social mechanisms, is a potentially powerful way to reduce CVL. Unfortunately, data on the frequency and amount of alcohol consumed within specific types of drinking contexts are rarely collected. While college students are a low risk population for HIV transmission, analyses focused on contexts of use and risky sex can illustrate the importance of contexts for prevention efforts and differentiate associations between any alcohol use and heavy alcohol use with risky sex. The focus on contexts of use and related problems has yielded fruitful results in certain areas, such as intimate partner violence [20] and adolescent physiological and violence-related problems, and may be important for detecting risks for HIV transmission.
In this analysis, we apply a quantitative theoretical framework used to assess risks related to drinking in different contexts [20] to the study of context specific risks for risky sexual behavior among college students. We quantify the extent to which consuming alcohol in contexts and greater levels of alcohol use in contexts are associated with risky sex.
Methods

Study Population
Data were obtained from the Safer California Universities study, an evaluation of community-based environmental alcohol intervention strategies [21] . Survey data were collected from random cross-sections of undergraduate students in eight randomly chosen University of California and six California State University campuses during fall semesters from 2003 through 2011 [17] . Environmental alcohol interventions were implemented in seven campuses in 2005 and in the remaining seven campuses in 2008. Response rates ranged from 50 % in 2003 to 39 % in 2008. We limited analyses to students aged 25 and younger, as non-traditionally aged students (7.4 % of the sample) may differ systematically from those in the traditional age range. 34,566 past-year drinkers provided complete data on measures of alcohol use, high-risk sexual behaviors, and demographics.
Measures
Sexual Risk Taking
Two measures of risky sex and one measure of the number of sexual partners were used. Students reported the number of times their drinking had caused them to ''engage in unplanned sexual activity'' (unplanned sex) and ''not use protection when you had sex'' (unprotected sex) between S110 AIDS Behav (2016) 20:S109-S118
the beginning of the current semester and the time of the survey. Respondents were asked how many people they had sexual intercourse with since the beginning of the semester. Self-reports were converted to problem rates per 28 days, using the number of days since the beginning of the semester when the survey was completed for each participant.
Overall and Context-Specific Frequency of Drinking and Continued Volumes
Two measures were used to examine overall and contextspecific relationships of alcohol use to risky sex. These measures are derived from a model that relates overall drinking risks, R, to frequencies of drinking (F) and continued drinking volumes (total number of drinks beyond one per drinking occasion, V -F) [20, 22, 23] . Risks related to drinking, b, and risks related to heavier drinking, c, can be estimated using the following equation:
This approach can be extended to model context-specific risks:
Estimates of b i represent different risks related to frequency of attending each drinking context and estimates of c i represent different risks related to heavier drinking within contexts.
Frequency of alcohol use was measured by asking frequent drinkers (those who reported drinking more than once in the past 28 days) the number of days they had at least one drink in the past 28 days or, for infrequent drinkers, the number of days since the beginning of the semester/quarter they had at least one drink (rescaled to a 28-day equivalent metric). Respondents were also asked how many drinks they typically had on days they drank (Q). Overall V -F was calculated as [(F 9 typical number of drinks) -F].
Context-specific frequencies (F i ) and continued volumes (V i -F i ) were derived for five distinct drinking contexts: Drinking at fraternity or sorority parties at Greek houses; parties in university residence halls; on-campus sporting events, concerts, or dances; parties at someone's off-campus apartment or house; and pubs, bars, and restaurants within a few blocks of campus. Respondents were asked if they drank in each context since the beginning of the semester; if they reported drinking in the context they were then asked how many days they drank there since the beginning of the semester (F i ) (rescaled to a 28-day equivalent metric and Winsorized at 28). They were also asked how many drinks they consumed the last time they were in each drinking context (Winsorized at 15), with volume V i then estimated as the frequency F i times this most recent number of drinks in a location.
Other Covariates
Other measures included campus (14 dummy variables), intervention campus (which varied by year) (yes/no), and self-reported gender, age (21? vs. under 21), race (white vs. non-white), class (freshman, sophomore, junior, senior), current living situation (dorm, house/apartment, student coop, fraternity/sorority, other), use of a motor vehicle on campus (yes/no), relationship status (married or in a steady relationship/not), living with a spouse or significant other (yes/no), employment (full/part time vs. none), and membership in a fraternity or sorority (yes/no). These measures were coded and used in a manner consistent with prior publications using these data (e.g., [21] ).
Analyses
Data were analyzed using censored Tobit models with frequencies of number of sex partners, unplanned sex, and unprotected sex measured as rates of events per 28 days; this enabled direct assessments of these rates relative to rates of drinking, F i , and volumes consumed, V i , measured on the same time scale. Models were run for each of the three outcomes and stratified by gender in order to assess whether the context-specific risky sex-alcohol relationships were different for men and women. For each problem outcome, analysis models were first run with only demographic characteristics and campus controls (Model 1); next, context-specific frequencies of use were added and tested as a block for significance (Model 2); finally, continued volumes for each context were added and tested. If continued volumes were jointly significant, all contexts with associations related to continued volumes having p values less than 0.05 were retained in the final model (Model 3). Based upon results of previous work [24] , controls for multiplicative heteroskedasticity related to F, F 2 , and V-F were included. Specification tests were run to assess the associations of non-drinking visits to each context, by adding the frequency of non-drinking visits to the models. Post hoc sample weights were used to ensure that the sample at each university was representative of the target sample in terms of gender and racial/ethnic composition.
Results
As shown in Table 1 , roughly half of the sample was white (53.2 %), female (55.1 %), and of legal drinking age (49.4 % aged 21 and over). Most students lived in houses or apartments (78.1 %). 53.3 % were employed full-time or part-time, while 68.4 % had access to a car while on campus. Respondents reported 0.3 sex partners in the past 28 days (range 0.0-5.8 partners). Unplanned sex was reported on average 0.12 times in the past 28 days (range 0.0-6.0), with unprotected sex reported slightly less frequently (mean 0.07, range 0.0-6.1). Students reported drinking most frequently at off-campus parties, and also reported the greatest volume of alcohol consumed in this setting. Students under age 21 drank more often than those of legal drinking age at fraternity/sorority parties, in dorms, and at off-campus parties, while those 21 and over drank approximately ten times as frequently at bars/restaurants (data not shown).
More frequent and heavier drinking were both associated with a greater number of sex partners and more frequent unplanned sex in the past 28 days (data not shown). Heavier drinking, but not more frequent drinking, was associated with a greater number of unprotected sex events in the past 28 days. Breaking down by contexts, more frequent drinking in all five contexts was associated with a greater number of sex partners in the past 28 days, as well as a greater number of unplanned sexual encounters ( Table 2 ). More frequent drinking in dorms, at campus events, off-campus parties, and at bars were associated with a greater number of unprotected sex events. Associations with drinking at campus events were consistently greater than for other contexts, but not significantly so. In contrast, heavier drinking was less often associated with any of the risky sex outcomes. Notably, heavier drinking at bars was associated with all outcomes, while heavier drinking at off-campus apartments and Greek parties were also associated with unprotected sex. In fully adjusted models (Model 3), Greek members, males, and non-white students were more likely to report unplanned sex. As expected, those married or in a steady relationship reported fewer partners and less unplanned sex but more unprotected sex.
Stratifying by gender, frequency of drinking in all five contexts was almost universally associated with each of the three risky sex outcomes for both men and women, again with consistently greater associations with drinking at oncampus events. Heavier drinking, on the other hand, was less consistently associated with risky sex. Heavier drinking at off-campus parties was associated with a greater number of unplanned and unprotected sex events for males (Table 3) , while heavier drinking at bars was associated with more frequent unprotected sex. For women, the only significant relationships between heavier drinking and risky sex were between unprotected sex and heavier drinking in bars and dorms. Specification tests found that the frequency and continued volumes coefficients were very robust to the introduction of controls for non-drinking visits to contexts.
Discussion
In this sample of California college student drinkers, more frequent drinking in most contexts was associated with a greater number of unplanned and unprotected sexual encounters and a greater number of sex partners in the past 28 days. Heavier drinking was more rarely associated with these risky sex behaviors, with some important exceptions. In particular, heavy drinking at Greek parties and in bars were both associated with a greater number of unprotected and unplanned sex events in the past 28 days. These results are quite different than those observed for other alcoholrelated problems in general adult populations [20] , which tend to find significant associations in only a handful of drinking contexts and have a balance of significant associations with both frequency of drinking and heavier drinking. The implication of these results is that heavy drinking is not a strong risk factor for unplanned and unprotected sex among college students in all settings, but that there is something in the milieu of some contexts on college campuses with opportunities to drink that leads to increased risky sex events and number of sexual partners.
Results of this study highlight the need to better understand the role affiliation networks within drinking settings play in risky sexual behaviors. The frequency coefficients in these analyses can be used to estimate the rates at which risky sex behaviors are associated with the use of each contextual node for drinking. Put another way, frequency estimates can be thought of as risks associated with the network of affiliations within each context. Campus events (sporting events, concerts, dances) had the largest frequency associations; these relatively infrequently attended contexts appear to carry the greatest risks per drinking occasion. Collecting precise information on affiliation networks within drinking settings can help shed light on social mechanisms within affiliation nodes which underlie the frequency associations.
In addition to the observation that frequencies of use of drinking contexts are associated with risk sex among both men and women, associations between heavier drinking and risky sex differed between males and females. This suggests some asymmetry in alcohol use and its effects between genders that may bear upon prevention efforts in these contexts. Greater alcohol use may differentially disinhibit risky sexual behaviors between men and women, because of differential beliefs and expectations with regard to alcohol effects between genders [25] , differential alcohol impacts on risky or aggressive behaviors [26] , or because heavy drinking marks for greater risk taking among men. There is some evidence that greater alcohol use is differentially related to greater risks for aggression among men, in contrast to women, and that sexual aggression, in particular, is responsive to use [26, 27] . Future research exploring gender differences in greater detail is warranted. Additionally, heavier drinkers exhibit lower levels of impulse control and greater risk taking [16] . Unfortunately the data collected for these analyses did not include individual social cognitive measures such as impulsivity. It may be that the drinking of potential sex partners, rather AIDS Behav (2016) 20:S109-S118 To avoid problems with multiple comparisons, continued volumes were only included if final models if they were significant both as a group and individually than one's own drinking, increases the number of risky sex events for women to a greater extent than men. However, empirical research to decide the case either way among college students and with respect to these specific problems is not adequate to draw specific conclusions. Furthermore, the inconsistent findings across types of sexual behaviors needs to be better understood before proposing specific intervention efforts. Regardless, the results of the current study indicate the emergence of differential associations with regard to sexual risks between men and women across contexts, suggesting different prevention messages would seem suitable for men versus women concerning specific drinking contexts. The measures of context-specific drinking volume used in these analyses rely on the number of drinks consumed the last time in the context rather than the average quantity. While this is unlikely to bias our results, due to the fact that the estimates of last time quantity are very stochastic, we may have reduced power to detect context specific effects related to heavy drinking. Because the frequency measure asked about the number of times drinking in a context while the quantity measure asked about the last time attending the context whether or not alcohol was consumed, we were concerned that we may have conflated drinking and non-drinking risks. When we ran specification tests adding in the frequency of non-drinking visits to each context, the associations between risky sex and frequency and heavier drinking were robust. Questions were only asked about five distinct drinking contexts, not all potential contexts where participants drank in the past semester. The unplanned and unprotected sex questions were asked in a general manner without clear definitions of what constitutes ''sex''. This may have led to differential misclassification among students, some of whom might see oral sex as ''sex'' and some who only count vaginal sex as such. Furthermore, students were specifically asked about the last time alcohol contributed to sexual risk taking, not the total number of times they had unplanned or unprotected sex regardless of consumption. Another key limitation of this analysis is that the associations explored are not event-level links, but more general associations between drinking contexts and risky sex. The current analyses tell us what the context specific risks are (what needs to be explained), but not why these associations exist. Frequency of drinking in a given context may mark for key mechanisms which remain unmeasured and unspecified in these analyses. In order to begin to understand why drinking contexts are associated with unplanned and unprotected sex, eventspecific information collected using Ecological Momentary Assessment or a similar method about the social and physical conditions within these contexts on occasions with a risky sex event would be invaluable. While college students are not considered a high risk group for HIV, they are at elevated risk for other STIs and have high rates of unwanted pregnancy [8] . Better understanding associations between drinking contexts and risky sexual behaviors can help college administrators craft effective prevention programs. From these results, it appears that reducing heavy drinking within specific drinking settings is potentially more important for men than women. Moderation of drinking is called for among males, in particular, and this moderation will have some effect for females (assuming most males are heterosexual). Preventive interventions (e.g., brief interventions delivered via text messages or computers) could be shaped to be delivered in or about specific contexts. Protective behavioral strategies and interventions could focus on nodes of social or affiliation networks within specific contexts.
The ubiquity of significant associations for more frequent drinking and all three risky sex behaviors investigated in this study raises the question of whether similar results would be found among high HIV-risk populations, such as MSM. It is likely that a narrower range of drinking contexts would be significantly related to risky sex, as MSM tend to frequent a smaller number of types of drinking settings, many of which cater specifically to MSM, when looking to meet potential sex partners [28] . Future research would do well to focus on concurrently collecting context-specific information, social cognitive risk factors, and event-level data in higher risk populations. We strongly encourage similar work to be done with highrisk groups.
